Background/Aims: Recently, endothelial-like cells originating directly from tumor cells have been revealed. However, the mechanism remains unclear. ETS-1 (E26 transformation specific-1), a key transcription factor in the generation and maturation of ECs (endothelial cells), has been reported to be overexpressed in several cancers. Here, we reveal novel regulation of the endothelial-like differentiation of NSCLC (non-small cell lung cancer) cells by ETS-1. Methods: We up-regulated the expression of ETS-1 in NSCLC cell lines by H 2 O 2 or lentiviral vector. Endothelial phenotypes, such as vWF (von Willebrand factor) and VE-cadherin were examined by Western blot analysis and immunofluorescence assay. Tube formation assay and phagocytotic activity assay were performed to evaluate ECs' specific features on NSCLC cells. The effect of ETS-1 on metastasis was determined by wound healing assays, transwell assays and a xenograft tumor model. To explore the role of ETS-1 in the initiation and progression of NSCLC, we examined ETS-1 levels in NSCLC cancerous tissues and paired adjacent normal tissues by immunohistochemstry and analyzed the relationship between ETS-1 levels and clinicopathological parameters, as well as patient survival. Kaplan Meier plotter database was used to assess the prognostic value of ETS-1 in NSCLC. The association between ETS-1 levels and MVD (microvessel density) was analyzed to determine their role in angiogenesis. Results: With ETS-1 up-regulation, the expression of vWF and VE-cadherin was increased in NSCLC cells. Additionally, cells adopted several ECs' specific features, including enhanced tube formation ability and uptake of Dil-ac-LDL (acetylated low-density lipoprotein) and lectin. ETS-1 up-regulation also promoted cell migration, invasion and adhesion. In addition, xenograft mice arising from ETS-1 over-expressing cells had more liver metastases. In the clinical specimens, ETS-1 expres sion was significantly higher in NSCLC cancerous tissues than adjacent nontu morous tissues and positively associated with tumor size, T stage, N stage and clinical stage. Patients with high levels of ETS-1 expression had significantly poorer OS (overall 
ETS-1 Induces Endothelial-Like Differentiation and Promotes Metastasis in Non-Small Cell Lung Cancer

Introduction
Solid tumors rely on angiogenesis for the generation, growth and metastasis. Antiangiogenic treatments that mainly act against the VEGF (vascular endothelial growth factor) family have been applied in different cancers [1] [2] [3] , including NSCLC (non-small cell lung cancer). However, clinical trials showed only an improvement in DFS (disease-free survival) but failed to achieve a significant OS (overall survival) benefit in NSCLC [4] . Resistance to this type of therapeutic has been a prominent issue [5, 6] . It suggests that there must be other mechanisms of angiogenesis that are VEGF-independent. Recent studies have found that tumor cells themselves can differentiate into endothelial-like cells [7] [8] [9] . These kind of tumor cells acquire the expression of endothelial markers (e.g. CD31, vWF and VE-cadherin), and are involved in the formation of vessels, allowing the cells to easily break into the circulation and travel across the body. Anti-VEGF therapy is ineffective for such cells, which may be one of the reasons why the curative effect of using it alone is not desirable enough. However, the mechanism in promoting the differentiation of tumor cells into endothelial-like cells remains unclear.
ETS-1 (E26 transformation specific-1) is an important member of the ETS transcription factors family. It regulates multiple biological and pathological processes including cell proliferation, differentiation, apoptosis, organogenesis and tissue remodeling [10] [11] [12] . Several studies have reported it as an oncogene in various human cancers [13] in which it promotes angiogenesis and degradation of extracellular matrix by activating MMPs (matrix metalloproteinases) [14, 15] . ETS family genes are active during embryonic development, and are associated with morphogenic processes such as organ formation. Recent studies have revealed that some other members of the ETS family, such as ETV2, FLI1 and ERG could directly induce the transdifferentiation of nonvascular cells into ECs, including fibroblasts [16] , amniotic cells [17] and fast skeletal muscle cells [18] . Although plenty of studies have shown that ETS-1 is particularly important for the production and maturation of the vascular endothelium, whether it participates in the conversion of nonvascular cells into endotheliallike cells hasn't been documented.
In our study, we found that ETS-1 can induce endothelial-like phenotypes and properties of NSCLC cells. Up-regulation of ETS-1 actively promoted migration and invasion in NSCLC cells both in vitro and in vivo. In clinical specimens, we confirmed that ETS-1 expression was significantly higher in tumor tissues than adjacent normal tissues and it was positively associated with MVD (microvessel density) in NSCLC tissues. In addition, the level of ETS-1 was related to tumor size, T stage, N stage and clinical stage in patients. Patients with higher ETS-1 expression had shorter OS and FP (first progression). Our findings indicate that ETS-1 may be the key factor promoting the differentiation of tumor cells into endothelial-like cells, and may further promote their metastasis, which could represent a new therapeutic strategy for NSCLC in the future.
Materials and Methods
Cell lines and cell culture
The NCSLC cell lines A549 and H460 were purchased from the Cell Bank of Chinese Academy of Sciences (Shanghai, China). The cells were cultured in RPMI-1640 medium containing 10% fetal bovine serum at 37 °C in the presence of 5% CO 2 .
Immunofluorescence staining assay Approximately 2 × 10
4 cells were plated into a 24-well culture plate. After the cells attached, the medium was removed, and the cells were fixed with 4% paraformaldehyde (Guge, Wuhan, China) for 15 min at room temperature. Then, the cells were permeabilized with 0.1% Triton-X-100 (Boster, Wuhan, China) for 20 min at 4°C and blocked with 5% BSA (Boster, Wuhan, China) for 30 min at room temperature. The following primary antibodies were used: anti-ETS-1 mAb (1:400, Abnova, MAB10639), anti-VE-cadherin mAb (1:400, CST, 2500S), and anti-vWF mAb (1:800, Abcam, ab6994). Incubation with primary antibodies was carried out overnight at 4°C. After being washed in PBS, sections were incubated with CY3-conjugated goat anti-mouse/rabbit IgG antibody (1:100, Boster, Wuhan, China) for 1 h at room temperature. DAPI was used to label the nucleus. The slides were washed in PBS and covered with anti-fade mounting media, and the sections were photographed using a fluorescence microscope.
Phagocytotic activity assay
Direct fluorescent staining was used to detect the dual binding of Dil-ac-LDL (1, 1-dioctadecyl-3, 3,3, 3-tetramethylindocarbocyanine-labeled acetylated low-density lipoprotein) and FITC-labeled lectin. Cells were incubated with Dil-ac-LDL (5 μg/mL) at 37°C for 4 h and then fixed by 4% paraformaldehyde for 20 min. Subsequently, cells were incubated with lectin (10 μg/mL) at 37°C for 1 h. Finally, cells were photographed using a fluorescence microscope.
Wound-healing assay A549 and H460 cells grew to 90% confluency with complete medium in a six-well culture plate. Cell monolayers were wounded by a 200μl plastic pipette tip. After washed three times to remove cell debris, cells were cultured in medium containing 2% serum at 37°C for 24 h. Cells that migrated into the wound area were photographed at 100× magnifications.
Migration and invasion assays in vitro
Transwell chambers (24-well insert, 8 μm, Corning) were used to explore the effects of ETS-1 on the migration and invasion of both cell lines. These assays were performed as described previously [19] .
Tube formation assay
For tube formation assays, 2 × 10 4 /100μl cells were seeded in 96 well plates that were pre-coated with 50μl /well matrigel (BD Biosciences) and incubated at 37°C. Approximately 4-12 h later, pictures were taken at 100× magnification. The capillary tubes formed were evaluated in random fields.
Up-regulation and knockdown of ETS-1
For up-regulation, ETS-1 cDNA against the human ETS-1 gene was designed and synthesized by GenePharma (Shanghai, China). ETS-1 cDNA or control were amplified by PCR and subcloned into EF1a-GFP/purolentiviral plasmid vectors to generate ETS-1 and NC (negative control) cells, respectively. Lentiviruses encoded with ETS-1 cDNA or control were produced by the co-transfection of 293T cells using Lipofectamine 2000 (Invitrogen). Cells were infected with ETS-1 lentivirus or empty vector at an MOI of approximately~100 for 48 h. For knockdown, cells were transfected with 10 nM ETS-1 siRNA (5' primer GGAAUUACUCACUGAUAAA and 3' primer CCUUAAUGAGUGACUAUUU) or control siRNA (Ruibo, Guangzhou, China) using transfection reagents (Ruibo, Guangzhou, China). Cells were cultured 48 h after the transfection. The transfection efficiency of the control siRNA was evaluated by fluorescence microscopy. The overexpression and suppression of ETS-1 was determined by qPCR and Western blot.
Western blot analysis
Cells were homogenized by RIPA lysis buffer (Guge, Wuhan, China). After being centrifuged at 4°C for 20 min, the supernatants were decanted and mixed with quadruple loading buffer. The mixture was heated for 5 minutes at 100°C and separated by 12% SDS-PAGE. Then, the proteins were transferred to PVDF membranes. The membranes were blocked with 5% skim milk in TBST for 1 h at room temperature and then incubated overnight with primary antibodies at 4°C. The following primary antibodies were used: anti-ETS-1 mAb (1:400, Abnova, MAB10639), anti-VE-cadherin mAb (1:400, CST, 2500S), anti-vWF mAb (1:800, Abcam, ab6994), anti-MMP-2 mAb (1:800, CST, 13132S), anti-MMP-9 mAb (1:800, CST, 13667S), anti-ICAM-1 mAb (1:1000, CST, 4915S), anti-VCAM-1 mAb (1:800, CST, 13662S) and anti-β-actin mAb (1:2000, Santa Cruz, sc-47778). The following day, membranes were washed 3 times in TBST for 5 min each and incubated with HRP-conjugated secondary antibodies at room temperature for 1 h. After beingwashed, the membranes were imaged by ECL reagent (Guge, Wuhan, China). 
RNA extraction and qRT-PCR
The following primer sequences were used: human ETS-1 5' primerGTGCTGACCTCAATAAGGA and 3' primer GCTGATAAAAGACTGACAGGAT; human VE-cadherin 5' primer ACAAGGACATAACACCACGAA and 3' primer TCAAACTGCCCATACTTGACT; human vWF 5' primer GCCCACCCTTTGATGAACACA and 3' primer CACTGGTCCTGCACATCGTT, and human GAPDH 5' primer AATCCCATCACCATCTTCCAG and 3' primer GAGCCCCAGCCTTCTCCAT. These assays were performed as we described previously [20] .
Metastasis assay in vivo
Female BALB/c nude mice (5-week-old) were maintained under specific pathogen-free conditions at Tongji Medical College of Huazhong University of Science and Technology. For the experiment, 2 × 10 6 ETS-1 overexpressing or empty vector transfected H460 cells were injected into the left lung of each mouse. After 3 weeks, the mice were sacrificed, and all the livers were removed and stained by HE (hematoxylin and eosin). This study was carried out following the guide of the National Institutes of Health for the Care and Use of Laboratory Animals.
Patients and tissue specimens
All paraffin sections along with complete clinicopathological data were obtained from 87 NSCLC patients who underwent surgical resection at Wuhan Union Hospital between September 2009 and June 2011. The 87 patients were aged from 44 to 84 years (median age 63). The use of tissues for this study has been approved by the Institute Research Medical Ethics Co-mmittee of Huazhong University of Science and Technology.
Tissue microarray (TMA) construction and im munohistochemistry assay
TMAs containing 87 NSCLC and adjacent nontu morous lung tissues were constructed. TMA sections were baked over night at 37°C, and then deparaffinized and rehydrated per standard protocols. Slices were boiled in sodium citrate buffer (PH 6.0) for antigen retrieval. Subsequently, sections were incubated at 4°C overnight with ETS-1 antibody (1:400, Abnova, MAB10639). After that, slides were incubated with a secondary antibody at room temperature for 1 h and then stained with DAB (3, 3-diaminobenzidine tetrahydrochloride). Finally, all sections were counterstained with hematoxylin. As the negative control, sections incubated with PBS were used. Stained cell proportions were scored as fol lows: 1 (<20% positively stained cells); 2 (21-40% positively stained cells); 3 (41-60% positively stained cells); 4 (61-80% positively stained cells); and 5 (81-100% positively stained cells). Staining intensity was scored per the following standard: 0 (no staining); 1 (weak staining： light yellow); 2 (moderate staining：yellow brown) and 3 (strong staining：brown). The median value of IHC scores was 8; there fore low and high expression were set at scores of <8 and ≥8, respectively.
MVD analysis
To evaluate tumor angiogenesis, MVD was determined by immunohistochemical staining of CD31 (1:100, CST, 77699S). Any more than three brown-stained ECs or EC clusters that were clearly separate from tumor cells and connective tissue elements were considered as a countable microvessel. MVD was calculated by dividing the total microvessel number by the total area.
KM (Kaplan Meier) plotter database analysis
KM-Plotter platform (http://kmplot.com/analysis/) was an online survival analysis software to assess the prognostic value of various genes in several cancers [21] . ETS-1 was entered as the gene symbol (Affy ID: 214447_at), and the analysis was performed in 1926 NSCLC patients. The median value of ETS-1 expression was used to split patients into the high and low ETS-1 groups. Univariate regression analysis was used to calculate the HR and P values.
Statistical analysis
All results shown represent the mean ± SD from triplicate experiments. Two-tailed Student's t-test, the Kruskal-Wallis test and Kaplan-Meier survival analysis were conducted to analyze all data by SPSS 20.0 software. A significant difference was indicated as * P < 0.05, **P<0.01, ***P<0.001.
Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry
Results
H 2 O 2 promotes differentiation of human NSCLC cells towards endothelial-like cells by upregulating ETS-1 expression
We chose H 2 O 2 as an ETS-1 activator which had been previously reported [22] . Human NSCLC cell lines A549 and H460 were seeded into six-well culture plates. The following day, H 2 O 2 was added and then cells were incubated 30min, followed by 4 h recovery time at 37°C. The EC-specific marker vWF was detected by WB (Western blot) and immunofluorescence staining. As shown in Fig. 1A , vWF was activated in both cell lines and increased in a dose-dependent manner. However, EC marker CD31 was not expressed with H 2 O 2 incubation. We conducted tube formation assays to evaluate whether the tube formation ability of these cells could be enhanced by H 2 O 2 . Consistently, the tube area of both cell lines was increased with H 2 O 2 incubation (Fig.  1C) . To determine whether ETS-1 mediates this differentiation, we detected expression of ETS-1 in both cell lines by WB and immunofluorescence staining. Encouragingly, after H 2 O 2 administration, ETS-1 was remark ably increased and also acted in a dose-dependent manner (Fig. 1B) . In addition, immunofluorescence staining showed H 2 O 2 induced ETS-1 nuclear translocation which indicated transcriptional activation of ETS-1 (Fig. 1B, lower) . To further explore the role of ETS-1 in endothelial-like differentiation, we knocked down ETS-1 expression through siRNA, and then added H 2 O 2 as described before. We observed that vWF was no longer expressed after ETS-1 silencing, even with H 2 O 2 administration (Fig. 1D) . These data collectively showed that H 2 O 2 induced endothelial-like differentiation in NSCLC cells by up-regulating ETS-1 expression. Fig. 2A) . Then, transwell assays were used to verify this finding. Not surprisingly, the transwell assays, including the migration and matrigel invasion assays, confirmed that H 2 O 2 promoted the metastatic ability of the NSCLC cell lines (Fig. 2B) .
ETS-1 promotes differentiation of endothelial-like cells from human NSCLC cell line H460
To verify the role of ETS-1 in human NSCLC cell line differentiation into endothelial-like cells, we constructed ETS-1 overexpressing H460 cells, named ETS-OE. EC markers vWF and VE-cadherin were clearly present on ETS-OE cells as detected both by WB analysis, qRT-PCR analysis and immunofluorescence, whereas they were hardly present on vector control cells (Fig. 3A) . However, other EC markers, CD31 and CD34 were not detected in either group by WB. We also conducted tube formation assays to evaluate whether the tube forming ability of these cells could be affected by ETS-1. As we expected, the tube area of ETS-1 overexpressing cells was much increased (Fig. 3B) . ECs have the specific ability of uptaking Dil-ac-LDL, red) and binding to lectin (green). ETS-1 overexpressing cells were observed to emit both red and green signals under the laser scanning confocal microscopy (Fig. 3C ). These findings indicated that ETS-1 promoted the human NSCLC cell line H460 to differentiate into endothelial-like cells.
ETS-1 promotes metastasis of human NSCLC cell line H460 in vitro and in vivo
To evaluate the role of ETS-1 in the metastatic ability of H460 cells, we performed wound healing and transwell assays on both groups mentioned above. As shown in Fig. 4A , ETS-1 up-regulated cells showed much stronger metastatic ability than vector cells. To then confirm whether ETS-1 regulated MMP2 and MMP9 expression, we conducted WB in both groups. MMP2 and MMP9 have been used as predictive markers for NSCLC metastasis. Not surprisingly, MMP9 and MMP2 were up-regulated in ETS-1 overexpressing cells (Fig. 4B,  upper) . Adhesion molecules, ICAM-1 and VCAM-1, which are expressed on vascular ECs, have been reported to be responsible for the formation of strong adhesion between tumor cells and the endothelium, which further promotes metastasis. We also found VCAM-1 and ICAM-1 were increased in ETS-1 overexpressing cells (Fig. 4B, lower) . To verify the in vitro results showing that ETS-1 contributed to metastasis in H460 cells, in vivo mouse studies were performed. Orthotopic xenograft mouse models were generated by injecting vector (n=4) and ETS-1 overexpressing cells (n=4) into the lungs of BALB/c nude mice. Liver metastases were evaluated by H&E staining 3 weeks after injection (Fig. 4C, left) . The average number Fig. 4C, right) . These results revealed that ETS-1 promoted the migration and invasion of H460 cells in vitro, and facilitated liver metastasis in the lungs of orthotopic xenograft mice.
ETS-1 is up-regulated in human NSCLC tissues, and high ETS-1 expression is positively correlated with MVD
We first detected the expression level of ETS-1 in 87 paired NSCLC tissues by immunohistochemistry. According to the results, ETS-1 was mainly presented in the cyto plasm in both tumorous tissues and adjacent nontu morous tissues (Fig. 5A) . In tumor tissues, 23% (20/87) showed high staining, 54% (47/87) showed low staining and 23% (20/87) showed negative staining. In adjacent nontu morous tissues, the corresponding results were 0%, 1.15% and 98.85% for high, low, and negative staining, respectively. ETS-1 expression was apparently higher in NSCLC tissues than that in the corre sponding adjacent nontumorous tissues in these 87 cases (P<0.001, Fig. 5B) .
To explore the role of ETS-1 in angiogenesis, we calculated the MVD from CD31 immunohistochemical staining. For patients with high ETS-1 expression (n=20), the average MVD in tumor tissue was 74.60/mm 2 , while it was 66.72/mm 2 for median ETS-1 expressing (n=47) and 58.14/mm 2 for low ETS-1 expressing (n=20) patients. We evaluated 
High expression of ETS-1 is correlated with poor prognosis in NSCLC patients
We next analyzed the correlation between ETS-1 expression and clinicopathological fea tures to reveal the clinical signifi cance of ETS-1 in NSCLC. Significant differences were found in regard to correlations of ETS-1 expression and tumor size (P<0.001), T stage (P<0.001), N stage (P<0.05) and clinical stage (P<0.05) ( Table  1) . There was no statistical relationship between ETS-1 expression and the other clinic pathological parameters, including age, gender and pathological patterns (Table 1) . For all patients, the median survival was 33 months and the median follow-up time was 40 months. Kaplan-Meier survival analysis demonstrated that ETS-1 highexpressing patients had poor OS compared to those with low ETS-1 expression (P<0.001, Fig. 6A ). Consistently, KM plotter database analysis showed patients with high ETS-1 levels were observed to have shorter OS (Fig. 6C) and FP (Fig. 6D ) than those with high levels. Taken together, these results suggested that ETS-1 was up-regulated in NSCLC and was associated with the progression and metastasis of NSCLC. Moreover, ETS-1 high expression predicted a poor outcome in NSCLC.
Discussion
In the traditional view, tumor vascularization mainly occurs through the following two methods, sprouting angiogenesis and IMG (intussusceptive microvascular growth) [23] . During the past few years, different manners of tumor angiogenesis have been revealed, including glomeruloid angiogenesis, vasculogenic mimicry [24] , looping angiogenesis and vessel co-option [5, 25] . However, we focus on a novel source of ECs, which is derived from tumor cells directly. Several initial reports have shown the generation of ECs from malignant cells in lymphomas [26] , neuroblastoma [7] , head and neck cancer [27] and breast cancer [28] . These kinds of cells have the following characteristics. On one hand, they have the phenotype of ECs and angiogenic abilities, so that they can easily go through vascular barriers with the endothelioid camouflage. On the other hand, they retain the characteristics 
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Cellular Physiology and Biochemistry of gene mutation and genomic instability as tumor cells [29, 30] . These features result in a high resistance to anti-VEGF therapy, and cell differentiation in solid tumors indicates poor prognosis. Exploring the mechanisms underlying this cell differentiation is of great importance to tumor therapy. ETS-1 promotes the generation and maturation of ECs from endothelial progenitors [31]. Our research showed that ETS-1 can also induce the endothelial differentiation of tumor cells. ETS-1 overexpressing NSCLC cells express EC markers vWF and VE-cadherin and have increased tube forming ability, as well as an increase in the ECs' specific properties to uptake Dil-ac-LDL and lectin. Also, ETS-1 expression was positively associated with MVD in NSCLC tissues, which was also reported in ovarian cancer [32] . High MVD has been reported to be independently correlated with poor DFS or OS in several cancers [33] . We suspect that a high MVD is related to an increasing number of endothelial-like cells derived from tumor cells, which is promoted by ETS-1.
Close associations between ETS-1 expression in the primary tumor and both tumor progression and lymph node metastasis have been found in gastric cancer [34] . Consistently, we found ETS-1 expression was higher in cancerous tissues than in adjacent normal tissues in clinical specimens of NSCLC patients. What's more, ETS-1 expression was positively associated with tumor size, T stage, N stage and clinical stage. Our in vivo studies also confirmed that ETS-1 promoted liver metastasis. The pro-metastatic function of ETS-1 in gastric cancer was associated with poor OS [34] . Consistently, in our study, patients with high levels of ETS-1 expression had shorter OS and FP. These results indicate that ETS-1 promotes tumorigenesis and progression in NSCLC, and its expression might be a useful marker for predicting lymph-node metastasis and outcomes for patients with malignancies.
In vitro, we also found that ETS-1 significantly promoted NSCLC cell migration and invasion. In the previous studies, ETS-1 was shown to be co-expressed with and induce MMPs expression in different types of carcinomas [15, 35] . MMPs play an important role in the invasion and migration of cancer cells and thus in metastasis and tumorigenesis [36] . Our results were consistent with these studies. ICAM-1 and VCAM-1 are CAMs (cell adhesion molecules) which are responsible for cell-cell and cell-ECM interactions. They are critical in the formation of strong adhesion between tumor cells and the endothelium [37] . Studies have shown that the positive expression of ICAM-1 was associated with depth of tumor invasion and lymph node metastasis in oral cancer [38] , and that CAMs were related with distant metastasis and poor outcomes in colorectal cancer [39] . Moreover, Kong et al. found adhesion molecule expression in tumor-derived ECs in hepatocellular carcinoma [40] . Our results revealed that ETS-1 up-regulation led to the expression of ICAM-1 and VCAM-1 in H460 cells, which suggests that up-regulation of adhesion molecules may be the mechanism responsible for the enhanced adhesion of tumor cells to ECs, and thus for their improved metastatic ability.
The microvascular monolayer of the endothelial barrier is the last line of defense against tumor metastasis. We speculate that appearing as ECs helps tumor cells to adhere to ECs which participate in the composition of vessels, and tumor cells can therefore move through the vascular barrier and enter the blood circulation. Meanwhile, tumor cells that appear as ECs can implant into distant organs more easily when they arrive, since they can easily traverse the endothelial barrier in these organs. Therefore, we suggest that differentiation into endothelial-like cells is an important method that tumor cells use for metastasis.
In this paper, we identified the importance of tumor cells differentiating into endotheliallike cells in NSCLC. However, there are some shortcomings of our research. We did not discover the upstream or downstream pathways involved in ETS-1 signaling. In addition, our study showed that cells only acquired a partial of endothelial phenotypes, the expression of CD31 and CD34 was still negative, which might be due to the fact that the environmental stimulation in vitro is insufficient to represent the tumor microenvironment. For example, environmental stimulation in vitro is insufficient to represent the tumor microenvironment. For example, hypoxia-inducible factor renders cells capable of surviving in hypoxia and stimulates ECs growth [41] . Additionally, there has been a therapeutic study targeted the Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry endothelial-like cells by cytotoxic hCD31 mAb in a human neuroblastoma xenograft mouse model. But this therapy led to enhanced tumor hypoxia, which in turn promotes endothelial trans-differentiation of tumor cells [30] . Combined with our research, we suspect that the endothelial-like cells may only express several endothelial phenotypes and are highly unstable. Inhibiting the key factor which results in the differentiation might be a more effective therapy. Hence, we would like to perform more extensive and in-depth studies on ETS-1 targets to fully explore its effect on angiogenesis and metastasis.
For the first time, we revealed that ETS-1 could induce lung cancer cells to differentiate into endothelial-like cells which expressed EC markers and possessed the EC properties. ETS-1 was up-regulated in NSCLC tissues and might be a poor prognostic factor. Overexpression of ETS-1 induced higher metastatic potential in NSCLC cells and appeared to promote their tumorigenesis, angiogenesis, migration and invasion. Our study provides a novel mechanism and a new target for tumor angiogenesis and metastasis, which may represent a breakthrough in anti-angiogenesis and anti-metastasis therapy.
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